Mass poisonings, called Yusho and Yu-Cheng, occurred in western Japan in 1968 and central Taiwan in 1979, respectively. These occurrences were separately caused by ingestion of rice oils contaminated with polychlorinated biphenyls (PCBs), polychlorinated dibenzofurans (PCDFs) and polychlorinated quaterphenyls. The total intakes of PCBs and PCDFs by the patients were calculated to be, on the average, 633 and 3.4 mg for Yusho, respectively, and 973 and 3.84 mg for Yu-Cheng, respectively, similar amounts of the causal agents being ingested in both instances. Increased eye discharge, pigmentation of nails, skin and mucous membrane, acneform eruptions and feeling of weakness were the most notable symptoms for both the poisonings. The PCB concentrations in the blood of patients were 1-30 ppb for Yusho and 3-1156 ppb for Yu-Cheng five years and one year after the outbreaks, respectively. For the Yusho patients, the clinical severity was closely related to the total amount of rice oil consumed and to the blood PCB concentration and the gas chromatographic pattern of blood PCBs.
Introduction
A mass poisoning incident, called Yusho, occurred in western Japan, mainly in Fukuoka and Nagasaki Prefecture, in 1968. Yusho was caused by ingestion of rice oil which was contaminated with Kanechlor 400, a commercial brand of Japanese polychlorinated biphenyls (PCBs) (1, 2) . It was found later that the rice oil was contaminated with not only PCBs but also polychlorinated dibenzofurans (PCDFs) and polychlorinated quaterphenyls (PCQs) (3, 4) . Consequently, Yusho was a poisoning by a mixture of PCBs, PCDFs and PCQs. The total number of Yusho patients identified was 1788 at the end of 1982. In 1979, eleven years after the Japanese Yusho incidence, a similar mass poisoning called "YuCheng" occurred in central Taiwan; by the beginning of 1983 a total of 2060 patients had been identified. The cooking oil consumed by Yu-Cheng patients was also contaminated with PCBs, PCDFs and PCQs. This paper reviews the health status of the patients in Japan and Taiwan in relation to these causal agents.
Causal Agents
The epidemiological study on Yusho (2) indicated that the patients ingested rice oil produced and shipped by K company (abbreviated K rice oil) on February 5 and 6 1968 and several days thereafter. The patients with Yu-Cheng were found to have consumed cooking rice *Daiichi College of Pharmaceutical Sciences, 22-1 Tamagawa-Cho, Minami-Ku, Fukuoka, 815, Japan.
oil manufactured by C company (abbreviated C rice oil) (5) . Some of the K and C rice oils were analyzed for PCBs, PCDFs and PCQs. Concentrations of these agents in the rice oils are summarized in Table 1 . K rice oil contained these compounds at levels approximately 10 times higher than C rice oil (6) . However, total intakes of PCBs, PCDFs and PCQs by Yusho and Yu-cheng patients were at similar levels, because total intakes of the oil were estimated on average to be 688 mL for Yusho patients and ca 12.3 kg for Yu-Cheng patients (7, 8 Table 2 . Eye discharge, pigmentation of nails, skin and mucous membrane, acneform eruption and feeling of weakness were the most notable symptoms (2). Twenty-seven Yu-Cheng patients in three generations of a large family were examined for distinctive clinical features in 1979. The results are shown in Table 3 . As with Yusho, hypersecretion of the Meibomian glands, pigmentation of nails, conjunctiva, gingiva, lips and face, and acneform eruption were observed (9). The Yusho can show chronic symptoms of the poisoning more than 10 years after the onset. Asahi et al. (10) reported that skin symptoms have diminished gradually during the ten years since the onset, while continual subcutaneous cyst formation with secondary infection was still occurring in a relatively small number of the severe grade patients. According to the report by Kohno and Yamana (11) , several ocular signs have remarkably subsided during the past 10 years, but 84% of the 75 patients showed somewhat abnormal changes of the Meibomian glands, such as irregular arrangements, atrophy, secretion of cheeselike material, infarction and lithiasis, and 43% showed pigmentation of eyelids and conjunctiva. Eye discharge was still cited by 64% of the patients as a current complaint. Most Yusho patients complained of various neurological symptoms, such as hypoesthesia and neuralgia of the limbs (12) . The following symptoms have also been mentioned by the majority of the patients, namely, general fatigue, poor appetite, inconstant abdominal pain, heavy headache, feeling of numbness and pain in the limbs, and cough and expectoration of sputum. Taiwanese YuCheng patients will continue to exhibit symptoms for a long time unless proper treatments are applied.
Death among the Patients
Up to the end of 1982, 112 Yusho patients had died. Of these, 31 victims whose cause of death has been confirmed were classified as in Table 4 (13). There have been 11 deaths from neoplasms, 35.4% of the total. Among the Yu-Cheng patients 24 deaths were reported; half of them were from hepatoma, liver cirrhosis or liver diseases with hepatomegaly (5). Figure 2 . Hence, gas chromatographic patterns of PCBs in the blood of Yusho patients were divided into three types, namely, (A) peculiar to Yusho; (B) resembling A; and (C) similar to the PCB gas chromatogram of normal persons (15) .
The concentrations of PCDFs in the adipose tissue and liver of three Yusho patients who died in [1969] [1970] [1971] [1972] were in the range 6-13 ppb and 3-25 ppb, respectively, while no PCDFs were detec\ted at the detection limit of 0.05 ppb in the same tissues of persons who had been killed by traffic accidents (16) . In the blood of Yusho and Yu-Cheng patients, PCDFs were also identified at the levels of 3 and 200-360 ppt, respectively, by Rappe et al. (17) , and no detection (< 10 ppt) and 140 ± 70 ppt (mean ± SD, N = 15), respectively, by Kashimoto et al. (18) .
The blood of Yusho patients sampled in 1979 was analyzed for PCQs. The average concentrations were 2.9 ppb (N = 31) for PCB gas chromatograms of type A, 2.0 ppb (N= 4) for type B and 0.02 ppb (N= 29) for type C (19) . The PCQ concentrations are closely related to the PCB concentration and patterns in the blood. The blood PCQ level of Yusho patients was much lower than Relationship between the Causal Agents and Clinical Symptoms
The mean latent period was estimated to be 71 days for Yusho and ca. 80 days for Yu-Cheng (7, 8) . The average amounts of PCBs, PCDFs and PCQs ingested by Yusho patients during the latent period were calculated to be 466, 2.5 and 439 mg, respectively, while Yu-Cheng patients consumed 302 mg of PCBs and 1.26 mg of PCDFs during the latent period (7, 8) . The smallest amounts ingested by a Yusho patient during the latent period were estimated to be 111 mg of PCBs, 0.6 mg of PCDFs and 105 mg of PCQs (7).
The PCB concentrations in the blood of Yusho patients five or more years after the poisoning showed a significant positive correlation with the total amount of rice oil consumed but not with the amount of the rice oil consumed per kg day (7) . The clinical severity of the patients also showed a close positive correlation with A B C D the total amount of the oil consumed but not with the amount of the oil consumed per kg day (20) . These observations can probably be explained as follows. The PCBs retained in the patients were only small portions of the PCBs in the rice oil, but they are very persistent in the patients as shown in Figure 2 and reflect the PCB concentrations in the blood and tissues of the patients several years after the outbreak. Consequently, the patients with higher blood PCB concentrations consumed a proportional amount of the rice oil which contained PCBs and very toxic PCDFs.
Gas toms were cough, expectoration and wheezing. The incidence of these symptoms correlated well with the concentration of PCBs in the blood but not with the pattern of PCBs. Iwashita et al. (24) studied the frequency of headache and blood PCB concentration and pattern in 208 persons in a general examination for Yusho in 1973. Frequency of headache was 59.6-66.8%, but no relationship was observed between the headache frequency and the blood PCB concentration or pattern.
